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(54) Armature for dynamo-electric machine and method for manufacturing the same 



(57) A method includes the steps of forming a sub- 
stantially U-shaped insulator having outwardly bent por- 
. tions formed by bending the side portions thereof at bent 
parts so as to be apart from each other, forming winding 
assemblies including strands of wire wound in a prede- 
termined wound state, mounting the insulator in each 



slot in a manner such that the outwardly bent portions 
of the insulator protrude from an opening of the slot, and 
inserting the winding assemblies in each insulator from 
an open side of the slot by being guided by the outwardly 
bent portions and pushing the winding assemblies to- 
gether with the insulator into each slot. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present Invention relates to dynamo-elec- 
tric machines for apparatuses such as alternators driven 
by, for example, internal combustion engines. In partic- 
ular, the present invention relates to an armature for an 
automotive alternator to be mounted on an automotive 
vehicle, such as an automobile or a truck. 
[0002] The entire content of the basic Japanese Pat- 
ent Application from which the priority under the Con- 
vention is claimed in this application is hereby incorpo- 
rated by reference into this application. 

2. Description of the Related Art 

[0003] Fig. 27 is a perspective view of a stator for a 
known automotive alternator. 

[0004] In Fig. 27, a known stator 1 includes a stator 
core 2 provided with a plurality of slots 2a extending in 
the axial direction and disposed alongside each other in 
the circumferential direction at a predetermined pitch, a 
stator winding 3 mounted on the stator core 2, and sub- 
stantially U-shaped Insulators 4 disposed in the slots 2a 
for electrically insulating between the stator core 2 and 
the stator winding 3. Thirty-six slots 2a are formed in the 
stator core 2 for receiving the stator winding 3 config- 
ured with a three-phase alternating winding. 
[0005] With reference to Figs. 28 to 34, a method for 
manufacturing the known stator 1 is described below. 
[0006] A belt-shaped member having projections and 
recesses is made of a beltlike magnetic SPCC thin plate. 
A given number of the belt-shaped members are lami- 
nated and are welded to each other by a laser at the 
peripheries thereof, thereby forming a rectangular par- 
allelepiped laminated-core 5 shown in Fig. 28. Thirty-six 
slots 5a are formed at one face of the laminated core 5. 
[0007] A winding assembly 7A is formed in a plane 
shape with one strand of wire 6, made of a copper wire 
having a circular section and coated with an insulating 
film, wound in a predetermined number of waves at a 
three-slot pitch. The winding-starting end and the wind- 
ing-finishing end of the strand of wire 6 forming the wind- 
ing assembly 7A serve as a lead wire 6a and a neutral- 
point lead wire 6b, respectively. Winding assemblies 7B 
and 7C are formed with other two strands of wire 6, re- 
spectively, wound in the same manner. 
[0008] In Fig. 29, a substantially U-shaped insulator 
4 is Inserted in each slot 5a of the laminated core 5 from 
the open side of the siot 5a, whereby the insulator 4 is 
received completely in the. slot 5a. The three winding 
assemblies 7A, 7B, and 7C overlap each other by being 
offset by a one-slot pitch from each other, as shown In 
Fig. 30. In Fig. 31, the overlapping winding assemblies 
7A, 7B, and 7C are inserted in every third slots 5a, re- 



spectively, from the open sides of the slots 5a. As shown 
in Figs. 32 and 33, the winding assemblies 7A, 7B, and 
7C are thus mounted on the laminated core 5. 
[0009] In Fig. 34, the laminated core 5 mounted with 
5 the winding assemblies 7A, 7B, and 7C is rolled up and 
is formed in a cylinder by a forming device (not shown), 
and butt-welded by a laser at the longitudinal ends 
thereof, whereby the stator 1 shown in Fig. 27 is ob- 
tained. 

10 [0010] The neutral-point lead wires 6b of the strand 
of wires 6 forming the winding assemblies 7A, 7B, and 
7C are connected to each other, thereby forming a 
three-phase alternating winding constituting the stator 
winding 3 included in the known stator 1 . The winding 

is assemblies 7A, 7B, and 7C have a phase difference of 
120 degrees from each other, which are windings for 
phase-a, phase-b, and phase-c, respectively, of the 
three-phase alternating winding. When the stator 1 is 
mounted in an automotive alternator, the lead wires 6a 

20 of the strands of wire 6 forming the winding assemblies 
7A, 7B, and 7C are connected to a rectifier. 
[001 1] In a method for manufacturing the known sta- 
tor, the substantially U-shaped insulators 4 are Inserted 
in the slots 5a of the rectangular parallelepiped laminat- 

25 ed core 5, then the winding assemblies 7A, 7B, and 7C 
are inserted in the slots 5a from the open sides thereof. 
Since the gap between the stator 1 and a rotor (not 
shown) of an automotive alternator is very small, even 
a small protrusion of the insu lator 4 from the slot 5a may 

30 interfere with the rotator. Therefore, the insulators 4 are 
formed so as not to protrude from the slots in the radial 
directions. 

[0012] Therefore, there is a problem that the mounting 
operation of the winding assemblies is not easy to per- 

35 form because the ends of the insulators 4 are disposed 
substantially on the same level as that of the ends of 
teeth 5b, whereby the ends of the insulators 4 do not 
function as guides when the winding assemblies 7A, 7B, 
and 7C are inserted in the slots 5a. 

40 fpoi3] Two sides of each U-shaped insulator 4, op- 
posing to each other, are formed in parallel to each oth- 
er, and the open sides of the slots 5a are not closed 
when the winding assemblies 7A, 7B, and 7C have been 
received in the slots 5a. Therefore, during the operation 

*s of rolling the laminated core 5, the strand of wires 6 are 
likely to fall away from the slots 5a, whereby the opera- 
tion cannot be performed efficiently. 
[001 4] The ends of the insulators 4 are drawn toward 
the bottoms of the slots 5a during the insertion of the 

so winding assemblies 7A, 7B, and 7C due to the friction 
between the winding assemblies 7A, 7B, and 7C and 
the insulators 4, whereby flanges 5c of the teeth 5b are 
exposed at ends thereof in the peripheral direction of 
the laminated core 5. Therefore, there is a problem In 

55 that the strands of wire 6 of the winding assemblies 7A, 
7B, and 7C are scratched by the peripheral ends of the 
flanges 5c, thereby causing damages to the insulating 
films of the strand of wires 6, whereby the insulation is 
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deteriorated. Moreover, the Insulators 4 between the in- 
ner walls of the slots 5a and the strands of wire 6 are 
removed from some portions in the slots 5a after insert- 
ing the winding assemblies 7A, 7B and 7C in the core, 
whereby the insulation is deteriorated. 

SUMMARY OF THE INVENTION 

[001 5] Accordingly, it is an object of the present inven- 
tion to provide a method for manufacturing an armature 
for a dynamo-electric machine and an armature manu- 
factured by the method, in which a substantially U- 
shaped insulator having top sides thereof bent so as to 
be apart from each other is mounted in each slot in a 
manner such that the top sides of the insulator protrude 
from the slot, and a winding assembly is inserted in the 
slots from open sides thereof. The winding assembly 
can be easily inserted due to the top sides of the insu- 
lator serving as guides. Due to the top sides of the in- 
sulator, which are bent so as to be apart from each other, 
strands of wire forming the winding assembly inserted 
in the slots are prevented from falling away from the 
slots by the top sides deformed so as to enclose an 
opening of each slot, and the insulator is prevented from 
being removed the top edges thereof toward the bottom 
of the slot, thereby improving the insulation. 
* [0016] To these ends, according to an aspect of the 
present invention, a method is provided for manufactur- 
. ing an armature for a dynamo-electric machine, the ar- 
mature comprising an armature core provided with a 
plurality of slots extending in an axial direction and dis- 
posed alongside each other in a circumferential direc- 
tion, an armature winding inserted in the slots so as to 
be mounted on the armature core, and an insulator 
mounted in each of the slots for insulating between the 
armature core and the armature winding. The method 
comprises the steps of forming a substantially U-shaped 
insulator having side portions connected with a bottom 
portion, the side portions being bent at a first bent part 
of each side portion so as to be apart from each other 
to form outwardly bent portions on the top sides of the 
side portions; forming a winding assembly composed of 
strands of wire formed in a predetermined wound state; 
mounting the insulator in each of the plurality of slots in 
a manner such that the outwardly bent portions of the 
insulator protrude from an open side of the slot; and in- 
serting the winding assembly in the insulator from the 
open side of each slot by being guided by the outwardly 
bent portions of the insulator, and pushing the winding 
assembly together with the insulators Into the slots. 
[0017] In the method for manufacturing an armature 
for a dynamo-electric machine, the step of forming the 
substantially U-shaped insulator may include the step 
of bending the outwardly bent portions at a second bent 
part so as to be close to each other, whereby each of 
the outwardly bent portions is formed in an L-shape. 
[0018] The first and second bent parts of one of the 
side portions of the insulator may be positioned shifted 



toward the bottom portion of the insulator with respect 
to the first and second bent parts of the other side portion 
of the insulator. 

[0019] At least one part of the bottom portion of the 
5 insulator may be formed in one of concave and convex 
shapes. 

[0020] The method may further comprising the steps 
of preparing a rectangular parallelepiped laminated- 
core provided with the plurality of slots, and rolling the 

10 rectangular parallelepiped laminated-core provided with 
the insulatormounted in each of the plurality of slots and 
the winding assembly inserted in the insulators mounted 
in the plurality of slots and butt-welding the laminated 
core at ends thereof so as to form a cylinder. 

15 [0021] The winding assembly may be formed so that 
the strands of wire are disposed alongside each other 
in the slot-depth direction in each slot. 
[0022] The winding assembly may comprise a pair of 
first and second winding groups, the first winding group 

so comprising a number of first winding sub-portions each 
formed with the strand of wire made of a continuous con- 
ductor, the strand of wire being formed in a first wave 
shape by connecting straight portions which being dis- 
posed at a pitch of a predetermined number of slots and 

25 being alternately offset from each other by a predeter- 
mined distance in a direction perpendicular to the direc- 
tion of the disposition thereof with turn portions, the first 
winding sub-portions being disposed at a pitch of one 
slot from each other and being equal in number to the 

30 predetermined number of slots, and the second winding 
group comprising a number of second winding sub-por- 
tions each formed with the strand of wire made of a con- 
tinuous conductor, the strand of wire being formed in a 
second wave shape opposite to the first wave shape by 

35 connecting straight portions which being disposed at a 
pitch of the predetermined number of slots and being 
alternately offset from each other by the predetermined 
distance in a direction perpendicular to the direction of 
the disposition thereof with turn portions, the second 

40 winding sub-portions being disposed at a pitch of one 
slot from each other and being equal in number to the 
predetermined number of slots. 
[0023] A plurality of the winding assemblies overlap- 
ping each other may be inserted in the plurality of slots. 

45 [0024] The steps of mounting the insulator in each of 
the plurality of slots and inserting the winding assembly 
in the insulators mounted in the plurality of slots may be 
alternately and repeatedly performed. 
[0025] According to another aspect of the present in- 

50 vention, an armature for a dynamo-electric machine 
comprises an armature core provided with a plurality of 
slots extending in an axial direction and disposed along- 
side each other in a circumferential direction; an arma- 
ture winding Inserted in the slots so as to be mounted 

ss on the armature core; and an insulator mounted in each 
of the slots for insulating between the armature core and 
the armature winding. The insulator is disposed be- 
tween an inner face of each slot and the armature wind- 
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ing. First creases are formed on side portions of each 
insulator so as to extend in a longitudinal direction of the 
slot at a slot-opening side of the side portions, the first 
creases being formed by first bent parts for bending the 
slot-opening side of the side portions so as to be apart s 
from each other. 

[0026] Second creases may be formed on the side 
portions of each insulator so as to extend in a longitudi- 
nal direction of the slot at a slot-opening side of the first 
creases, the second creases being formed by second 10 
bent parts for bending the slot-opening side of the side 
portions so as to be close to each other. 
[0027] The first crease and the second crease of a first 
side portion of each insulator may be formed shifted to- 
ward the bottom of the slot with respect to the first crease is 
and the second crease, respectively, of a second side 
portion of each insulator, whereby the top sides of the 
first and second side portions of each insulator, one 
overlapping the other, enclose an opening of each slot 
in a manner such that the top side of the second side 20 
portion is positioned over the top side of the first side 
portion. 

[0028] The side portions of each insulator may ex- 
pand in a circumferential direction at the bottom sides 
of the side portions of the insulator, thereby coming into 25 
close contact with inner faces of the slot toward the bot- 
tom thereof. 

[0029] The armature winding may be constituted by 
at least one winding assembly into which a pair of first 
and second winding groups is assembled before inser- so 
tion in the slots, the first winding group comprising a 
number of first winding sub-portions each having one 
turn constructed by winding a stand of wire made of a 
continuous conductor so as to alternately occupy an in- 
ner layer and an outer layer in a slot depth direction with- 35 
in the slots at intervals of a predetermined number of 
slots, the first winding sub-portions being disposed at a 
pitch of one slot from each other and being equal in 
number of the predetermined number of slots, and the 
second winding group comprising a number of second 40 
winding sub-portions each having one turn constructed 
by winding a stand of wire made of a continuous con- 
ductor so as to alternately occupy an inner layer and an 
outer layer in a slot depth direction within the slots at 
intervals of the predetermined number of slots and so 45 
as to be inversely wound and offset by an electrical an- 
gle of 1 80 degrees relative to the first winding sub-por- 
tions, the second winding sub-portions being disposed 
at a pitch of one slot from each other and being equal 
in number of the predetermined number of slots. so 
[0030] The armature winding may comprise a plurality 
of the winding assemblies, and one insulator may be re- 
ceived in each slot for insulating the plurality of the wind- 
ing assemblies from an inner face of each slot. 
[0031 ] The armatu re winding may comprise a plurality ss 
of the winding assemblies, and a plurality of insulators 
may be received in each slot for individually Insulating 
the plurality of the winding assemblies from an inner 



face of each slot 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0032] 

Fig. 1 is a perspective view of a stator for an auto- 
motive alternator according to a first embodiment of 
the present invention; 

Fig. 2 is a sectional view of the stator for an auto- 
motive alternator according to the first embodiment 
of the present invention, showing an insulator-inser- 
tion process in manufacturing of the stator; 
Fig. 3 is a sectional view of the stator for an auto- 
motive alternator according to the first embodiment 
of the present invention, showing a winding-inser- 
tion process in manufacturing of the stator; 
Fig. 4 is a sectional view of the stator for an auto- 
motive alternator according to the first embodiment 
of the present invention, showing windings being in- 
serted in the winding-insertion process in manufac- 
turing of the stator; 

Fig. 5 is a sectional view of the stator for an auto- 
motive alternator according to the first embodiment 
of the present invention, showing the windings hav- 
ing been inserted in manufacturing of the stator; 
Fig. 6 is a sectional view of the stator for an auto- 
motive alternator according to the first embodiment 
of the present invention, showing a process in which 
a laminated core is rolled up during manufacturing 
of the stator; 

Fig. 7 is a perspective view of a stator for an auto- 
motive alternator according to a second embodi- 
ment of the present invention, showing a method 
for manufacturing the stator; 
Fig. 8 is a perspective view of a stator for an auto- 
motive alternator according to a third embodiment 
of the present invention; 

Fig. 9 is an illustration of a winding assembly for a 
stator winding used for the stator for an automotive 
alternator according to the third embodiment of the 
present invention, showing a process of manufac- 
turing of the winding assembly; 
Fig. 1 0 is an illustration of the winding assembly for 
the stator winding used for the stator for an auto- 
motive alternator according to the third embodiment 
of the present invention, showing a process of man- 
ufacturing of the winding assembly; 
Figs. 11Aand 11 B are illustrations of an Inner-layer 
winding assembly for the stator winding used for the 
stator for an automotive alternator according to the 
third embodiment of the present invention; 
Figs. 1 2A and 1 2B are illustrations of an outer-layer 
winding assembly for the stator winding usedforthe 
stator for an automotive alternator according to the 
third embodiment of the present invention; 
Fig. 13 is a perspective view of a critical portion of 
a strand of wire forming the winding assembly for 



4 



7 



EP 1 178 587 A2 



8 



the stator winding for the stator for an automotive 
alternator according to the third embodiment of the 
present invention; 

Fig. 1 4 is an illustration of the strands of wire form- 
ing the winding assembly for the stator winding for 5 
the stator for an automotive alternator according to 
the third embodiment of the present invention, 
showing the disposition of the strands of wire; 
Figs. 15A and 15B are illustrations of a laminated 
core forming a stator core for the stator for an au~ 10 
tomotive alternator according to the third embodi- 
ment of the present invention; 
Fig. 1 6 is a sectional view of the stator for an auto- 
motive alternator according to the third embodiment 
of the present invention, showing an insulator-inser- 15 
tion process in manufacturing of the stator; 
Fig. 1 7 is a sectional view of the stator for an auto- 
motive alternator according to the third embodiment 
of the present invention, showing a winding-inser- 
tion process in manufacturing of the stator; 20 
Fig. 1 8 is a sectional view of the stator for an auto- 
motive alternator according to the third embodiment 
of the present invention, showing windings being in- 
serted in the winding-insertion process in manufac- 
turing of the stator; 25 
Fig. 1 9 is a sectional view of the stator for an auto- 
motive alternator according to the third embodiment 
of the present invention, showing the windings hav- 
ing been inserted in manufacturing of the stator; 
Fig. 20 is a sectional view of the stator for an auto- 30 
motive alternator according to the third embodiment 
of the present invention, showing a process in which 
a laminated core is rolled up during manufacturing 
of the stator; 

Fig. 21 is a sectional view of a stator for an automo- 35 
five alternator according to a fourth embodiment of 
the present invention, showing windings being in- 
serted in a winding-insertion process in manufac- 
turing of the stator; 

Fig. 22 is a sectional view of the stator for an auto- <o 
motive alternator according to the fourth embodi- 
ment of the present invention , showing the windings 
having been inserted in manufacturing of the stator; 
Fig. 23 is a sectional view of a stator for an automo- 
tive alternator according to afifth embodiment of the <5 
present invention, showing windings being inserted 
in a winding-insertion process in manufacturing of 
the stator; 

Fig. 24 is a sectional view of the stator for an auto- 
motive alternator according to the fifth embodiment 50 
of the present invention, showing the windings hav- 
ing been inserted in manufacturing of the stator; 
Fig. 25 is a sectional view of a stator for an automo- 
tive alternator according to a sixth embodiment of 
the present invention, showing windings being in- 55 
serted in a winding-insertion process in manufac- 
turing of the stator; 

Fig. 26 is a sectional view of the stator for an auto- 



motive alternator according to the sixth embodi- 
ment of the present invention, showingthe windings 
having been inserted in manufacturing of the stator; 
Fig. 27 is a perspective view of a known stator for 
an automotive alternator; 

Fig. 28 is a perspective view of a rectangular paral- 
lelepiped laminated core forming the known stator; 
Fig. 29 is a sectional view of the known stator for 
an automotive alternator, showing an insulator-in- 
sertion process in manufacturing of the stator; 
Fig. 30 is a perspective view of a stator winding for 
the known stator before being mounted thereon; 
Fig. 31 is a sectional view of the known stator for 
an automotive alternator, showing a winding-inser- 
tion process in manufacturing of the stator; 
Fig. 32 is a sectional view of the known stator for 
an automotive alternator, showing the windings 
having been inserted in manufacturing of the stator; 
Fig. 33 is a perspective view of the known stator for 
an automotive alternator, showing a state in which 
the windings are inserted in manufacturing of the 
stator; and 

Fig. 34 is a sectional view of the known stator for 
an automotive alternator, showing a process in 
which a laminated core is rolled up in manufacturing 
of the stator. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] Embodiments according to the present inven- 
tion are described below with reference to the drawings. 

First Embodiment 

[0034] Fig. 1 is a perspective view of a stator for an 
automotive alternator according to a first embodiment 
of the present invention. Fig. 2 is a sectional view of the 
stator for an automotive alternator according to the first 
embodiment of the present invention, showing an insu- 
lator-insertion process in manufacturing of the stator. 
Fig. 3 is a sectional view of the stator for an automotive 
alternator according to the first embodiment of the 
present invention, showing a winding-insertion process 
in manufacturing of the stator. Fig. 4 is a sectional view 
of the stator for an automotive alternator according to 
the first embodiment of the present invention, showing 
windings being inserted in the winding-insertion process 
in manufacturing of the stator. Fig. 5 is a sectional view 
of the stator for an automotive alternator according to 
the first embodiment of the present invention, showing 
the windings having been inserted in manufacturing of 
the stator. Fig. 6 is a sectional view of the stator for an 
automotive alternator according to the first embodiment 
of the present invention, showing a process in which a 
laminated core is rolled up in manufacturing of the stator. 
[0035] The same components or components having 
the same functions as the components or the functions 
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of the components shown in Figs. 27 to 34 are referred 
to by using the same reference numerals, and descrip- 
tions thereof are omitted. 

[0036] In Fig. 1 , a stator 10 as an armature includes 
a cylindrical stator core 2 as an armature core provided 
with a plurality of slots 2a extending in the axial direction 
and disposed alongside each other in the circumferen- 
tial direction, a stator winding 3 as an armature winding 
mounted on the stator core 2, and insulators 11 dis- 
posed in each slot 2a for insulating the stator core 2 from 
the stator winding 3. Each insulator 11 is formed in a 
substantially U-shape having side portions connected 
with a bottom portion. The side portions are bent at first 
bent parts 1 2 so as to be apart from each other to form 
outwardly bent portions on the top sides of the side por- 
tions. When each substantially U-shaped insulator 11 is 
inserted in the slot 2a along the inner walls thereof, the 
outwardly bent portions thereof is deformed by flanges 
2c formed on the edges of teeth 2b so as to be close to 
each other. First creases formed by the first bent parts 
1 2 of each insulator 11 extend in the longitudinal direc- 
tion of each slot 2a at the open sides of the side portions 
thereof. The stator core 2 is provided with thirty-six slots 
2a for receiving the stator winding 3 constructed with 
one three-phase alternating winding. 
[0037J A method for manufacturing the stator 1 0 ac- 
cording to the first embodiment is described with refer- 
ence to Figs. 2 to 6. 

[0038] A belt-shaped member having projections and 
recesses is made of a belt-shaped thin plate which is 
made of a magnetic SPCC material. A given number of 
the belt-shaped members are laminated and are welded 
by a laser at the peripheries thereof, thereby forming a 
rectangular parallelepiped laminated core 5. Thirty-six 
slots 5a are formed at one face of the laminated core 5. 
A winding assembly 7A is formed with one strand of wire 
6, made of a copper wire having a circular section and 
coated with an insulating film, wound in a predetermined 
number of waves at a three-slot pitch, the winding as- 
sembly 7A being formed in a flat shape on the whole. 
Each winding assembly 73 or 70 is also formed with 
one strand of wire 6 wound in a wave-shape in the same 
manner as the assembly 7A. 

[0039] In Fig. 2, the insulators 11 are inserted in the 
slots 5a of the laminated core 5 from the open sides of 
the slots 5a so that outwardly bent portions 11 a of each 
insulator 1 1 catch in the flanges 5c of the teeth 5b at the 
root portions of the outwardly bent portions 1 1 a near the 
first bent parts 12. The insulators 11 are received In the 
slots 5a In a manner such that the outwardly bent por- 
tions 11 a of each insulator 11 protrude from the slots 5a. 
Then, the winding assemblies 7A, 7B, and 7C overlap- 
ping each other and being offset from each other at a 
one-slot pitch are inserted in every third slots 5a from 
the open sides of the slots 5a, as shown in Fig. 3. The 
winding assemblies 7A, 7B, and 70 are inserted in the 
insulators 11 disposed In the slots 5a by being guided 
by the outwardly bent portions 1 1 a of the insulators 1 1 . 



When the winding assemblies 7A, 7B, and 70 reach bot- 
tom portions 11b of the insulators 11 , the insulators 11 
are pushed further toward the inside of the slots 5a by 
the winding assemblies 7A, 7B, and 7C, as shown in 

5 Fig. 4, and are brought into contact with the bottoms of 
the slots 5a. Thus, the winding assemblies 7A, 7B, and 
7C are mounted on the laminated core 5, in which the 
insulators 1 1 are deformed by the flanges 5c of the teeth 
5b so that the outwardly bent portions 11 a of each insu- 

io lator 1 1 bent so as to be apart from each other move so 
as to be close to each other, thereby enclosing the open 
sides of the slots 5a, as shown in Fig. 5. 
[0040] In Rg. 6, the laminated core 5 mounted with 
the winding assemblies 7A, 7B, and 7C thereon is rolled 

« up in a cylinder by a forming device (not shown), and is 
butt-welded at ends thereof by a laser, whereby the sta- 
tor 10 shown in Fig. 1 is obtained. 
[0041] According to the first embodiment, the sub- 
stantially U-shaped insulators 11 , the top sides of each 

20 insulator 1 1 being bent at the first bent parts 1 2 so as to 
be apart from each otherto form outwardly bent portions 
11a, are received in the slots 5a in a manner such that 
the outwardly bent portions 11a protrude from the slots 
5a, before receiving the winding assemblies 7A, 7B, and 

25 70 therein. 

[0042] Therefore, the outwardly bent portions 11a 
bent so as to be apart from each other function asguides 
fof receiving the winding assemblies 7A, 7B, and 70, 
whereby the winding assemblies 7A, 7B, and 70 can be 

30 easily mounted because the winding assemblies 7A, 
78, and 7C are smoothly inserted by being guided by 
the outwardly bent portions 11a bent so as to be apart 
from each other. Moreover, a risk, of the winding assem- 
blies 7A, 7B, and 70 catching the top edges of the in- 

35 sulator 11 and pushing the insulators 11 into the slots 
5a, can be avoided. 

[0043] The insulators 11 are further pushed into the 
slots 5a by the winding assemblies 7A, 7B, and 7C at 
the bottom portions 11b of the insulators 11, whereby a 

40 risk can be avoided, the risk of the winding assemblies 
7A, 7B, and 70 pushing the top sides of the insulators 
11 toward the bottoms of the slots 5a, thereby exposing 
edges of the flanges 5c in the peripheral direction. The 
winding assemblies 7A, 7B, and 70 are received in the 

45 slots 5a without damages to the insulating films of the 
strand of wire 6 of the winding assemblies 7A, 7B, and 
70 generated by rubbing the strands of wire 6 against 
the flanges 5c and with the insulators 11 disposed be- 
tween the inner walls of the slots 5a and the strands of 

so wire 6 atthe open sides of the slots 5a, whereby superior 
insulation can be ensured. 

[0044] Since the insulators 11 are not inserted com- 
pletely in the slots 5a before the winding assemblies 7A, 
7B, and 70 are Inserted, whereby the insulators 11 can 
55 be mounted relatively easily because the length of 
movement of the insulators 11 is small. 
[0045] When the winding assemblies 7A, 7B, and 70 
» are received in the slots 5a, the open sides of the slots 
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5a are enclosed by the top sides of the insulators 11 , 
because each insulator 11 is formed in the substantially 
U-shape in which the top sides thereof is bent so as to 
be apart from each other. Therefore, a risk of the strands 
of wire 6 falling away from the slots 5a is avoided during 
rolling the laminated core 5, thereby improving the effi- 
ciency in a process of rolling the laminated core 5, 
[0046] Because of a method in which the rectangular 
laminated core 5 is rolled up in a cylinder after the wind- 
ing assemblies 7A, 7B, and 7C are mounted thereon, 
the size of each slot 5a at the open side thereof for re- 
ceiving the winding assemblies 7A, 7B, and 7C can be 
made large, thereby facilitating insertion of the insula- 
tors 11 and the winding assemblies 7A, 7B, and 7C. 
[0047] In the stator 1 0 thus formed, the first creases 
formed by the first bent parts 12 of the insulator 11 re- 
ceived in each slot 5a extend along each edge of the 
open side of the slot 5a, and the top sides of the out- 
wardly bent portions 11a of each insulator 11 enclosing 
the open side of the slot 5a are disposed between the 
flanges 2c and the stator winding 3, thereby ensuring 
the insulation of the stator winding 3 from the stator core 
2. 

[0048] In the stator 10 thus formed, coll end groups 
and the strands of wire in the slots 5a may be impreg- 
nated with a varnish. With this arrangement, the insula- 
tion between the strands of wire forming the coil end 
groups and between the stator winding and the stator 
core can be ensured, and the stator winding can be 
made more rigid, thereby suppressing wind noises and 
electromagnetic noises. 

Second Embodiment 

[0049] According to the first embodiment, planar 
winding assemblies are mounted on the rectangular 
parallelepiped laminated core 5, and the rectangular 
laminated core 5 is rolled up in a cylinder and is butt- 
welded by a laser at ends of the laminated core 5, there- 
by forming the stator 1 0. in contrast, according to a sec- 
ond embodiment, a cylindrical stator core 2 is mounted 
with wire-assemblies formed in cylinders, thereby form- 
ing a stator. 

[0050] A method for manufacturing a stator according 
to the second embodiment is described below with ref- 
erence to Fig. 7. 

[0051 ] Firstly, the cylindrical stator core 2 and insula- 
tors 11 are manufactured. 

[0052] A cylindrical wire-assembly 8A is formed with 
one strand of wire 6, made of a copper wire having a 
circular section and coated with an insulating film, 
wound in a predetermined number of waves at a three- 
slot pitch. The winding-starting end and the winding-fin- 
ishing end of the strand of wire 6 forming the winding 
assembly 8A serve as a lead wire 6a and a neutral-point 
lead wire 6b, respectively. Winding assemblies 8B and 
BC are formed with respective single strands of wire 6 
wound in the same fashion as the winding assembly BA. 



The winding assemblies 8A, BB, and BC thus formed 
overlap each other in three layers and being offset from 
each other at a one-slot pitch, thereby forming a stator 
winding 3A as an armature winding. 

s [0053] The insulators 11 are inserted in slots 2a 
formed in the stator core 2 in the axial direction of the 
stator core 2 so that outwardly bent portions 1 1 a of the 
insulators 11 bent so as to be apart from each other pro- 
trude in the radial directions from the slots 2a. 

io [0054] The diameter of the stator winding 3A including 
the winding assemblies BA, 8B, and 8C overlapping 
each other in three layers is reduced so as to be Inserted 
in the stator core 2, and the stator winding 3A are insert- 
ed in the slots 2a from the open sides of the slots 2a in 

is the radial directions, thereby manufacturing the stator. 
[0055] According to the second embodiment, the sub- 
stantially U-shaped insulators 11 having outwardly bent 
portions 11a bent at the first bent parts 12 so as to be 
apartfrom each other are mounted in the slots 2a before 

20 the stator winding 3A including the winding assemblies 
8A, BB, and 8C are inserted in the slots 2a, so that the 
outwardly bent portions 11a protrude in the radial direc- 
tions toward the inside of the stator core 2, whereby the 
same effect as in the first embodiment can be obtained. 

25 

Third Embodiment 

[0056] Fig. 8 is a perspective view of a stator for an 
automotive alternator according to a third embodiment 

30 of the present invention. Figs. 9 and 1 0 are illustrations 
of a winding assembly for a stator winding used for the 
stator, showing a process of manufacturing the winding 
assembly. Figs. 11Aand11Bare an end view and apian 
view, respectively, of an inner-layer winding assembly 

35 for the stator winding used for the stator. Figs. 12Aand 
1 2B are an end view and a plan view, respectively, of an 
outer-layer winding assembly for the stator winding 
used for the stator. Fig. 13 is a perspective view of a 
critical portion of a strand of wire forming the winding 

40 assembly for the stator winding for the stator. Fig. 14 is 
an illustration of the strands of wire forming the winding 
assemblyforthe stator winding, showing the disposition 
of the strands of wire. Figs. 15Aand 15B are aside view 
and a rear view, respectively, of a laminated core form- 

45 ing a stator core for the stator. Fig. 16 is a sectional view 
of the stator, showing an insulator-insertion process in 
manufacturing of the stator. Fig. 17 is a sectional view 
of the stator, showing a wire-insertion process in man- 
ufacturing of the stator. Fig. 1 8 is a sectional view of the 

so stator, showing wires being inserted in the wire-insertion 
process in manufacturing of the stator. Fig. 19 is a sec- 
tional view of the stator, showing the wires having been 
inserted in manufacturing of the stator. Fig. 20 is a sec- 
tional view of the stator, showing a process in which a 

55 laminated core is rolled up in manufacturing of the stator. 
In Fig. 8, lead wires and bridge-connecting wires are 
omitted. 

[0057] In Fig. 8, a stator 20 as an armature according 
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to the third embodiment includes a cylindrical stator core 
1 5 as an armature core provided with a plurality of slots 
15a formed therein extending in the axial direction and 
disposed alongside each other in the circumferential di- 
rection at a predetermined pitch, a stator winding 16 as 
an armature winding mounted on the stator core 15, and 
insulators 1 1 mounted in the slots 1 5a for electrically in- 
sulating the stator winding 16 from the stator core 15. 
[0058] Each insulator 11 ts formed In a substantially 
U-shape, the top sides thereof being bent at first bent 
parts 12 of the insulator 11 so as to be apart from each 
other. The U-shaped insulator 11 Is disposed in each 
slot 1 5a along the Inner walls thereof, and the top sides 
of the insulator 1 1 are deformed by flanges 15c of teeth 
15a so as to be closed to each other. First creases 
formed by the first bent parts 1 2 are disposed extending 
along longitudinal edges of each slots 15a at the open 
side thereof. The stator winding 16 include a plurality of 
winding sub-portions in each of which a strand of wire 
30 is folded back outside the slots 1 5a at each axial end 
of the stator core 1 5 and Is wound in a wave-shape so 
as to occupy alternately an inner layer and an outer layer 
in the slot-depth direction in the slots 15a at intervals of 
a predetermined number of slots. The stator core 15 is 
provided with ninety-six slots 1 5a which receive the sta- 
tor winding 16 constructed with two three-phase alter- 
nating windings. The strand of wire 30 is made of, for 
example, a long copper wire having a rectangular sec- 
tion and coated with an insulating film 49. 
[0059] A method for manufacturing the stator 20 is de- 
scribed below with reference to Figs. 9 to 20. 
[0060] Twelve long strands of wire 30 are simultane- 
ously bent in the same plane to form a zigzag fashion, 
as shown in Fig. 9. Then, the strands of.wire 30 are fold- 
ed over at a right angle by using a jig, as shown by an 
arrow in Fig. 10, thereby forming an inner-layer winding 
assembly 35A shown in Fig. 1 1 . In the same manner, an 
outer-layer winding assembly 35B having bridge-con- 
nection wires, neutral-point lead wires, and lead wires 
is formed, as shown In Figs. 12A and 12B. 
[0061 ] Each strand of wire 30 is formed by bending it 
into a planar pattern in which straight portions 30b con- 
nected by turn portions 30a are lined up at a distance of 
a six-slot pitch. The adjacent straight portions 30b are 
offset from each other by the turn portions 30a by a width 
W of the strand of wire 30. The winding assemblies 35A 
and 35B are constructed by arranging six pairs of the 
strands of wire 30 so as to offset from each other by a 
slot, each pair of the strands of wire 30 constituting two 
strands of wire 30 formed in the above-described pat- 
tern which are offset by a six-slot pitch and arranged 
such that the straight portions 30b overlap each other, 
as shown in Fig. 14. Six ends of the strands of wire 30 
each extend outwards from each side and at each end 
of the winding assemblies 35A and 35B. The turn por- 
tions 30a are arranged so as to line up In rows at both 
side portions of the winding assemblies 35A and 35B. 
[0062] A rectangular laminated-core 36 shown in 



Figs. 15A and 15B is formed with a predetermined 
number of SPCC plates laminated on each other pro- 
vided with slots 36a having a trapezoidal cross-section 
formed at a predetermined pitch (an electrical angle of 

5 30 degrees), the laminated SPCC plates being welded 
by a laser at the periphery thereof. 
[0063] In Rg. 1 6, the insulators 11 are inserted in the 
slots 36a from the open sides thereof until the root por- 
tions of the outwardly bent portions 11a near the first 

10 bent parts 12 of the insulators 11 are brought into con- 
tact with flanges 36c formed at the edges of teeth 36b. 
The Insulators 11 are mounted In the slots 36a in a man- 
ner such that the outwardly bent portions 11a thereof 
protrude outside from the slots 36a. In Fig. 1 7, the wind- 
's ing assemblies 35A and 35B overlapping each other are 
inserted in the slots 36a from the open sides thereof at 
the straight portions 30b of the strands of wire 30 form- 
ing the winding assemblies 35A and 35B. In this case, 
the winding assemblies 35A and 35B are inserted into 

20 the insulators 11 disposed in the slots 36aby being guid- 
ed at the straight portions 30b of the strands of wire 30 
by the outwardly bent portions 1 1 a bent so as to be apart 
from each other. When the winding assemblies 35A and 
35B reach bottom portions 11b of the insulators 11, the 

25 insulators 1 1 are pushed toward the bottoms of the slots 
36a together with the winding assemblies 35A and 35B, 
asshowri in Fig. 18, and the insulators 11 come into con- 
tact with the bottoms of the slots 36a. in Fig. 1 9, the 
winding assemblies 35A and 35B are mounted on the 

30 laminated core 36 so that a pair of the outwardly bent 
portions 11 a of each insulator 11 bent so as to be apart 
from each other are deformed in a manner such that the 
outwardly bent portions 1 1 a pushed so as to be close to 
each other by the flanges 5c of the teeth 5b, thereby 

35 enclosing the open side of each slot 36a. Four straight 
portions 30b of the strands of wire 30 are disposed 
alongside each other in each slot 36a in the radial direc- 
tion, insulated by the insulator 11 from the laminated 
core 36. 

to [0064] The laminated core 36 mounted with the wind- 
ing assemblies 35A and 35B is rolled up in a cylinder by 
a forming device (not shown), as shown in Fig. 20. The 
laminated core 36 is butt-welded by a laser at ends 
thereof, thereby obtaining the stator20 shown in Fig. 8. 

45 [0065] In the stator 20 thus formed, the winding as- 
sembly 35A includes twelve strands of wire 30, each 
strand of wire 30 being connected at the ends thereof, 
thereby forming a winding sub-portion in one turn. First 
winding sub-portions formed with six strands of wire 30 

50 wound in a wave-shape by being offset from each other 
by a one-slot pitch are mounted in slots 15a in a manner 
such that each strand of wire 30 occupies alternately a 
first position from an inner circumferential side (herein- 
after, referred to as a first address) and a second posi- 

55 tion from the Inner circumferential side (hereinafter, re- 
ferred to as a second address) in every sixth slot 15a. 
Second winding sub-portions formed with the remaining 
six strands of wire 30 wound in a wave-shape by being 
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offset from each other by a one-slot pitch are mounted 
in the slots 1 5a in a manner such that each strands of 
wire 30 occupies alternately the second address and the 
first address in every sixth slot 1 5a. Each pair of the first 
winding sub-portion and the second winding sub-portion 5 
is disposed in the same slot group constructed with the 
slots 15a arranged at intervals of six slots, and the sec- 
ond winding sub-portions are inversely wound and off- 
set by an electrical angle of 1 80 degrees relative to the 
first winding sub-portions. f° 
[0066] I n the same fashion , th e winding assemb ly 35B 
includes twelve strands of wire 30, each strand of wire 
30 being connected at the ends thereof, thereby forming 
a winding sub-portion in one turn. Third winding sub- 
portions formed with six strands of wire 30 wound in a 18 
wave-shape by being offset from each other by a one- 
slot pitch are mounted in the slots 15a in a manner such 
that each strands of wire 30 occupies alternately a third 
position form the inner circumferential side (hereinafter, 
referred to as a third address) and a fourth position form 20 
the inner circumferential side (hereinafter, referred to as 
a fourth address) in every sixth slot 1 5a. Fourth winding 
sub-portions formed with the remaining six strands of 
wire 30 wound in a wave-shape by being offset from 
each other by a one-slot pitch are mounted in the slots 25 
1 5a in a manner such that each strand of wire 30 occu- 
pies alternately the fourth address and the third address 
in every sixth slot 15a. Each pair of the third winding 
sub-portion and the fourth winding sub-portion is dis- 
posed in the same slot group constructed with the slots 30 
1 5a arranged at intervals of six slots, the fourth winding 
sub-portions are inversely wound and offset by an elec- 
trical angle of 1 80 degrees relative to the third winding 
sub-portions. 

[0067] The first to fourth winding sub-portions dis- 35 
posed in the same slot group are connected to each oth- 
er in series, thereby forming six winding phase groups, 
eachinfourturns.Two three-phase alternating windings 
are formed, each being formed by connecting three 
winding phase groups into an alternating connection. 40 
[0068] According to the third embodiment, the sub- 
stantially U-shaped insulators 11 having the outwardly 
bent portions 1 1 a formed by bend the top sides thereof 
at the first bent parts 12 so as to be apart from each 
other are mounted in the slots 36a in a manner such that 45 
the outwardly bent portions 11a protrude outside the 
slots 36a for receiving the winding assemblies 35A and 
36B, thereby providing the same effect as provided in 
the first embodiment. 

[0069] In the first embodiment, the stator winding 3 so 
constructed with the winding assemblies 7A, 7B , and 7C 
configured with the strands of wire 6 wound in a prede- 
termined number of waves, in which the strands of wire 
6 are disposed Irregularly in the slots 2a and at coil-end 
groups (outside the slots 2a). The strands of wire 6 do 55 
not occupy particular positions in the slots 2a and at the 
outside of the slots 2a, whereby the stator winding of 
which coil ends are arranged in order cannot be ob- 



tained. Large projections and recesses (circumferential 
irregularities) are formed at the inner faces of the coil- 
end groups, and the protrusion of the coil-end groups is 
made large. When the stator is mounted in an automo- 
tive alternator, a problem arises in that wind noises in- 
crease due to the circumferential irregularities formed 
at the inner faces of the coil-end groups, and leakage 
reactance at the coil ends and the wind resistance 
against cooling air increase due to the coil-end groups 
increased in protrusion. 

[0070] In contrast, the stator winding 1 6 according to 
the third embodiment is composed of a plurality of wave 
windings each formed with the strand of wire 30 wound 
occupying alternately an inner layer and an outer layer 
in every sixth slot 15a, whereby the turn portions 30a of 
the strands of wire 30 can be made in the same shape 
as each other and can be disposed alongside each other 
and overlapping each other in the circumferential direc- 
tion. Therefore, the circumferential irregulaizties of the 
inner faces of the coil-end groups formed with the turn 
portions 30a can be reduced, thereby reducing wind 
noises, when mounted in an automotive alternator, due 
to circumferential irregularities of the inner faces of the 
coil-end groups. 

[0071] Four strands of wire 30 are disposed in each 
slot 1 5a alongside each other in the radial direction, and 
the turn portions 30a are disposed in two rows formed 
alongside in the circumferential direction. The protru- 
sion of the coil-end from each axial end of the stator core 
15 can be reduced by dividing the turn portions 30a 
forming the coil-end group into two rows alongside in 
the radial directions. Therefore, wind noises can be re- 
duced when the stator is mounted in an automotive al- 
ternator, and leakage reactance at the coil ends is re- 
duced, thereby increasing the output and improving the 
efficiency. 

[0072] Since each straight portion 30b of the strand 
of wire 30 has a rectangular cross-section, the cross- 
sectional shape of the straight portions 30b exactly fits 
into the shape of the slots 15a when the straight portions 
30b are received in the slots 15a. Therefore, the space 
factor of the strands of wire 30 in the slots 1 5a can be 
easily increased, and the thermal transmission from the 
strands of wire 30 to the stator core 1 5 can be improved. 
[0073] The number of turns of the stator winding 16 
can be easily increased because the winding assem- 
blies 35A and 35B are used. The winding assemblies 
35A (35B) is constituted by a winding assembly into 
which a pair of first and second winding groups is as- 
sembled before insertion in the slots. The first winding 
group comprises six first winding sub-portions each hav- 
ing one turn constructed by winding a stand of wire 30 
so as to alternately occupy an inner layer and an outer 
layer in a slot depth direction in every six slots 1 5a, the 
first winding sub-portions being disposed at a pitch of 
one slot from each other. The second winding group 
comprises six second winding sub-portions each having 
one turn constructed by winding a stand of wire 30 so 
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as to alternately occupy an inner layer and an outer layer 
in a slot depth direction In every six slots 15a and so as 
to be Inversely wound and offset by an electrical angle 
of 1 80 degrees relative to the first winding sub-portions, 
the second winding sub-portions being disposed at a 
pitch of one slot from each other. 

Fourth Embodiment 

[0074] According to a fourth embodiment, a substan- 
tially U-shaped Insulator 11 A, having outwardly bent 
portions 1 1 a formed by bend the top sides thereof at the 
first bent parts 1 2 so as to be apart from each other and 
a concave bottom portion 11c at the bottom thereof, is 
used. The other configuration is the same as that which 
is described in the third embodiment. 
[0075] According to the fourth embodiment, the insu- 
lators 1 1 A are mounted in slots 36a with outwardly bent 
portions 1 1 a of the insulators 1 1 A bent so as to be apart 
from each other protruding outside the slots 36a. Two 
winding assemblies 35A and 35B overlapping each oth- 
er are inserted in the slots 36a at the straight portions 
30b of strands of wire 30 from the open sides of the slots 
36a. When the winding assemblies 35A and 35B reach 
the concave bottom portions 11c of the Insulators 11 A, 25 
the insulators 1 1 A are pushed toward the bottoms of the 
slots 36a by the winding assemblies 35A and 35B, as 
shown in Fig. 21 , until the insulators 11 A come into con- 
tact with the bottoms of the slots 36a. In Fig. 22, the 
concave bottom portions 11c of the insulators 11 A are 30 
made fiat by being extended in the circumferential di- 
rection so as to fit the bottoms of the slots 36a, whereby 
the insulators 11 A are brought Into close contact with 
the inner faces of the slots 36a. 

[0076] Then, the laminated core 36 mounted with the 35 
winding assemblies 35A and 35B is rolled up in a cylin- 
der by a forming device (not shown), and is butt-welded 
by a laser at ends thereof, thereby obtaining a stator. 
[0077] According to the fourth embodiment, when the 
winding assemblies 35A and 35B are inserted com- 40 
pletely in the slots 36a, the insulators 11 A are pushed 
at the concave bottom portions 11c thereof by the as- 
semblies 35A and 35B so that the concave bottom por- 
tions 11c are extended in the circumferential direction 
and fit the bottoms of the slots 36a, whereby the insula- *s 
tors 11 A are brought into close contact with the inner 
faces of the slots 36a. Therefore, the Insulators 11 A do 
not move in the slots 36a. Further, the side portions of 
the Insulator 11 A is prevented from shifting each other 
in the slot depth direction. Therefore, flanges 36c of so 
teeth 36b are not exposed, thereby avoiding damages 
to the insulating films of the strands of wire 30 due to 
direct contact between the strands of wire 30 and the 
flanges 36c. The insulators 11A hardly fall away from 
slots 1 5a of a stator 1 5, thereby improving the insulation . ss 
[0078] In the stator thus formed according to the 
fourth embodiment, the bottom portion of each insulator 
1 1 A is expanded in the circumferential direction, thereby 



fitting the slot 15a, whereby the movement of the insu- 
lators 11 A in the slots 15a is restricted. Therefore, the 
insulation between the stator winding and the stator core 
is ensured for a long period. 
5 [0079] Although according to the fourth embodiment, 
the insulators 1 1 A are provided with the concave bottom 
portions 11 c formed in a concave shape, each insulator 
1 1 A may have a bottom portion having a convex shape, 
or the bottom portion may be formed in a convex and 
10 concave shape. 

Fifth Embodiment 

[0080] According to a fifth embodiment, a substantial- 
ly U-shaped insulator 11B, having outwardly bent por- 
tions 11a formed by bend the top sides thereof at first 
bent parts 1 2 so as to be apart from each other, the out- 
wardly bent portions 1 1 a being bent at second bent parts 
13 so as to be close to each other, is used. The first and 
second bent parts 12 and 13 of a first side portion of 
each insulator 11 B are positioned toward the bottom 
portion 1 1 b of the insulator 1 1 B with respect to the first 
and second bent parts 12 and 13, respectively, of a sec- 
ond side portion of the insulator 1 1 B, that is, the top edge 
of the first side portion is formed shorter than that of the 
second side portion. The distance between the first bent 
parts 12 of each insulator 11 B is smaller than that be- 
tween the top edges of the outwardly bent portions 11a 
of the first and second side portions, whereby the overall 
outwardly bent portions 11a of each insulator 11B are 
formed toward the outside so as to be apart from each 
other. The other configuration is the same as that which 
is described in the third embodiment. 
[0081] According to the fifth embodiment, the insula- 
tors 11 B are mounted in slots 36a with the outwardly 
bent portions 11a of the insulators 11B protruding out- 
side the slots 36a. Then, winding assemblies 35A and 
35B overlapping each other are inserted at straight por- 
tions 30b of strands of wire 30 in the slots 36a from the 
open sides thereof. When the winding assemblies 35A 
and 35B reach the bottom portions 1 1 b of the insulators 
1 1 B, the insulators 1 1 B are pushed toward the bottoms 
of the slots 36a together with the winding assemblies 
35A and 35B, as shown in Fig. 23, and are brought into 
contact with the bottoms of the slots 36a. 
[0b82] As the winding assemblies 35A and 35B is in- 
serted in the slots 36a, the first bent part 12 of the first 
outwardly bent portion 11a of each insulator 11 B with- 
draws Into the slot 36a from a first flange 36c and the 
first outwardly bentportion 1 1 a is bent toward the inside. 
Soon after, the first bent part 1 2 of the second outwardly 
bent portion 11a of the insulator 11B withdraws into the 
slot 36a from a second flange 36c and the second out- 
wardly bent portion 11a is bent toward the inside. Next, 
the second bent part 13 of the first outwardly bent por- 
tion 11 a of the insulator 11 B withdraws into the slot 36a 
from the first flange 36c and the first outwardly bent por- 
tion 11a is further bent so as to enclose the open side 
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of the slot 36a. Soon after, the second bent part 13 of 
the second outwardly bent portion 11a of the insulator 
1 1 B withdraws Into the slot 36a from the second flange 
36c and the second outwardly bent portion 1 1 a is further 
bent so as to enclose the open side of the slot 36a. In 
Fig. 24, the first and second outwardly bent portions 11a 
of each insulator 1 1 B overlapping each other in the slot- 
depth direction enclose the open side of each slot 36a. 
[0083] A laminated core 36 mounted with the winding 
assemblies 35A and 35B is rolled up in a cylinder by a 
forming device (not shown), and is butt-welded by a la- 
ser at ends of the laminated core 36, thereby forming a 
stator. 

[0084] According to the fifth embodiment, the first and 
second outwardly bent portions 11a of each insulator 
1 1 B are formed in an L-shape by bending at the first and 
second bent parts 1 2 and 1 3, the first and second bent 
parts 12 and 13 of the first outwardly bent portion 11a 
are positioned toward the bottom portion 1 1b of the in- 
sulator 11 B with respect to the first and second bent 
parts 12 and 13 of the second outwardly bent portion 
1 1 a, and the top edge of the first outwardly bent portion 
1 1 a is positioned toward the bottom portion 1 1 b with re- 
spect to the top edge of the second outwardly bent por- 
tion 11a. With this arrangement, a time difference of 
bending between the first and second outwardly bent 
portions 11a occurs when the insulators 11 B are insert- 
ed in the slots 36a together with the winding assemblies 
35 A and 35B, whereby the first and second outwardly 
bent portions 11a can overlap each other for enclosing 
the open sides of the slots 36a. Therefore, the strands 
of wire 30 can be surely prevented from falling away 
from the slots 36a during rolling the laminated core 36, 
thereby improving the efficiency in the rolling operation 
of the laminated core 36. 

[0085] In spite of being provided with the second bent 
parts 1 3, the overall outwardly bent portions 11 a of each 
insulator 1 1 B are maintained to be apart from each oth- 
er, thereby functioning as a guide for the insertion of the 
winding assemblies 35A and 35B, because the distance 
between the top edges of the outwardly bent portions 
1 1 a is greater than that between the. first bent parts 12 
of each insulator 11 B. 

[0086] In the stator thus formed, first and second 
creases formed by the first and second bent parts 12 
and 13 of the first outwardly bent portion 11a of each 
insulator 11 B are shifted toward the bottom portion of 
the insulator 1 1 B with respect to first and second creas- 
es formed by the first and second bent parts 12 and 13 
of the second outwardly bent portion 1 1 a of the insulator 
1 1 B, the top sides of the first and second outwardly bent 
portions 11a overlapping so as to enclose the open side 
of the slot 36a. With this arrangement, damages to in- 
sulating films of the stator winding due to the friction be- 
tween the flanges 36c of the teeth and the stator winding 
can be suppressed, whereby the insulation between the 
stator winding and the stator core can be ensured for a 
long period. 



Sixth Embodiment 

[0087] According to a sixth embodiment, a U-shaped 
insulator 1 1C is formed in a manner such that the insu- 

5 lator 1 1 C have outwardly bent portion formed by bend- 
ing top sides of the side portions at bent parts 1 2 so as 
to be apart from each other and has a depth sufficient 
to receive two strands of wire 30 alongside each other 
in the depth direction. The other configuration is the 

10 same as that which is described in the third embodi- 
ment. 

[0088] First insulators 11 C according to the sixth em- 
bodiment are mounted in slots 36a with outwardly bent 
portions 1 1 a thereof protruding from the slots 36a. Then , 

15 a winding assembly 35B is inserted at straight portions 
30b of strands of wire 30 in the slots 36a from the open 
sides of the slots 36a. When the winding assembly 35B 
reaches bottom portions 11b of the first insulators 11C, 
the first insulators 11C are pushed together with the 

20 winding assembly 35B toward the bottoms of the slots 
36a, and are brought into contact with the bottoms of 
the slots 36a. 

[0089] Second insulators 11 C are mounted in the 
slots 36a with the outwardly bent portions 11a thereof 

25 protruding from the slots 36a. Then, a winding assembly 
35A is inserted atthe straight portions 30b of the-strands 
of wire 30 in the slots 36a from the open sides of the 
slots 36a. When the winding assembly 35A reaches the 
bottom portions 11b of the second insulators 11 C, as 

30 shown in Fig. 25, the second insulators 1 1 C are pushed 
together with the winding assembly 35A toward the bot- 
toms of the slots 36a, and are brought into contact with 
the winding assembly 35B. Thus, the winding assem- 
blies 35A and 35B and the first and second insulators 

35 1 1 C are mounted on a laminated core 36. In Fig. 26, the 
winding assembly 35B is insulated from the laminated 
core 36 by the first insulators 11 C and the winding as- 
sembly 35A is insulated from the laminated core 36 by 
the second insulators 11C. The winding assemblies 35A 

40 and 35B are insulated from each other by the bottom 
portions 11b of the second insulators 11C. 
[0090] The laminated core 36 mounted with the wind- 
ing assemblies 35A and 35B is rolled up in a cylinder by 
a forming device (not shown), and is butt-welded by a 

45 laser at ends of the laminated core 36, thereby obtaining 
a stator. 

[0091] According to the sixth embodiment, windings 
are mounted in units of two turns, that is, the winding 
assemblies 35A and 35B are inserted individually, 

50 whereby the winding assemblies 35A and 35B are in- 
serted easily. The bottom portions 11b of the insulators 
11C are disposed between the winding assemblies 35A 
and 35B, thereby improving the insulation. 
[0092] Although according to the third to sixth embod- 

55 iments, copper wires having a rectangular cross-section 
are used as the strands of wire 30, the strand of wire 
are not limited to copper wires having a rectangular 
cross-section, they may be copper wires having a circu- 
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lar cross-section. The strand of wire 30 is not limited to 
a copper wire, and it may be an aluminum wire. 
[0093] Although according to the embodiments of the 
present invention, winding assemblies formed with con- 
tinuous wires are used, the winding assemblies are not 
limited to those formed with continuous wires, and they 
may be formed with short conductors connected to each 
other, whereby the same effect can be obtained. 
[0094] Although according to the embodiments, the 
statorcore is manufactured by rolling a rectangular par- 
allelepiped laminated-core in a cylinder and butt-weld- 
ing the same at ends thereof, the statorcore thus man- 
ufactured may be pressed Into a cylindrical outer-core 
and be welded integrally with the outer-core. 
[0095] Although a stator for an alternator is used in 
the embodiments described above, the present inven- 
tion is applicable to an armature for a dynamo-electric 
machine, which is provided with the winding assemblies 
inserted in slots in the radial directions, in which the 
same effect, such as improvement in the insulation and 
the efficiency in wire insertion, can be obtained. 
[0096] The following advantages are offered by the 
above-described method for manufacturing an arma- 
ture for an electrical rotating device and the armature 
manufactured by the method, according to the present 
invention. 

[0097] According to the present invention, the meth- 
od, for manufacturing an armature for a dynamo-electric 
machine comprising an armature core provided with a 
plurality of slots extending In an axial direction and dis- 
posed alongside each other in a circumferential direc- 
tion, an armature winding inserted in the slots so as to 
be mounted on the armature core, and an insulator 
mounted in each of the slots for insulating between the 
armature core and the armature winding, comprises the 
steps of forming a substantially U-shaped insulator hav- 
ing side portions connected with a bottom portion, the 
side portions being bent at a first bent part of each side 
portion so as to be apart from each other to form out- 
wardly bent portions on the top sides of the side por- 
tions; forming a winding assembly composed of strands 
of wire formed in a predetermined wound state; mount- 
ing the Insulator in each of the plurality of slots in a man- 
ner such that the outwardly bent portions of the insulator 
protrude from an open side of the slot; and inserting the 
winding assembly in the insulator from the open side of 
each slot by being guided by the outwardly bent portions 
of the insulator, and pushing the winding assembly to- 
gether with the insulators into the slots. With this ar- 
rangement, in the method for manufacturing an arma- 
ture for a dynamo-electric machine, the winding assem- 
bly can be inserted easily in virtue of the outwardly bent 
portions of the insulator bent so as to be apartfrom each 
other serving as gu ides. The winding assembly is insert- 
ed in each Insulator mounted in the slot with the out- 
wardly bent portions of the insulator protruding from the 
slot, and the insulator Is pushed in the slot together with 
the winding assembly, whereby the winding assembly 



is prevented from damages to the strands of wire thereof 
to be caused by interference with flanges of teeth, there- 
by providing a method for manufacturing an armature 
for a dynamo-electric machine, in which superior insu- 

s lation Is ensured. 

[0098] In themethod, thestep of formingthe substan- 
tially U-shaped insulator includes the step of bending 
the outwardly bent portions at a second bent part so as 
to be close to each other, whereby each of the outwardly 

10 bent portions is formed In an L-shape. With this arrange- 
ment, when the winding assembly is received in the 
slots, the outwardly bent portions are deformed so as to 
enclose the open side of the slots. Consequently, the 
winding assembly is enclosed by the insulator, whereby 

18 the insulation is improved and the strands of wire are 
prevented from falling away, 

[0099] The first and second bent parts of one of the 
side portions of the insulator are positioned shifted to- 
ward the bottom portion of the insulator with respect to 

20 the first and second bent parts of the other side portion 
of the insulator. When the winding assembly is inserted 
in each slot, one of the outwardly bent portions of the 
insulator is deformed prior to the other outwardly bent 
portion, whereby the top side of one outwardly bent por- 

25 tion Is covered by the top side of the other outwardly 
bent portion so as to overlap one on the other, thereby 
surely enclosing slot openings, Improving the insulation, 
and preventing the strands of wire from falling away. 
[0100] At least one part of the bottom portion of the 

30 insulator is formed in one of concave and convex 
shapes. With this arrangement, the concave or convex 
bottom portion of the insulator is extended along the bot- 
tom of the slot in a circumferential direction, thereby 
coming into contact with the inner face of the bottom of 

35 the slot. Therefore, the movement of the insulator is re- 
stricted and the insulators do not fall away. 
[0101] The insulators are mounted on a rectangular 
parallelepiped laminated-core provided with the plurality 
of slots. The rectangular parallelepiped laminated-core 

40 provided with the Insulator mounted in each of the plu- 
rality of slots and the winding assembly inserted in the 
insulators mounted in the plurality of slots is rolled up 
and is butt-welded at ends thereof so as to form a cyl- 
inder. With this arrangement, the width of each slot 

45 formed in the rectangular laminated-core can be made 
greater than that of a slot formed in a cylindrical arma- 
ture core, whereby the insulators and the winding as- 
sembly can be inserted easily. 
[0102] The winding assembly is formed so that the 

so strands of wire are disposed alongside each other in the 
slot-depth direction in each slot. With this arrangement, 
each insulator is pushed by the winding assembly only 
at the bottom of the insulator, and the side portions of 
the insulator is prevented from shifting each other in the 

55 slot depth direction, whereby the flanges of the teeth are 
prevented from being exposed, thereby avoiding dam- 
ages to the insulating films of the strands of wire due to 
friction between the winding assembly and the flanges 
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of the teeth. 

[0103] The winding assembly comprises a pair of first 
and second winding groups, thefirst winding group com- 
prising a number of first winding sub-portions each 
formed with the strand of wire made of a continuous con- 
ductor, the strand of wire being formed in a first wave 
shape by connecting straight portions which being dis- 
posed at a pitch of a predetermined number of slots and 
being alternately offset from each other by a predeter- 
mined distance in a direction perpendicular to the direc- 
tion of the disposition thereof with turn portions, thefirst 
winding sub-portions being disposed at a pitch of one 
slot from each other and being equal in number to the 
predetermined number of slots, and the second winding 
group comprising a number of second winding sub-por- 
tions each formed with the strand of wire made of a con- 
tinuous conductor, the strand of wire being formed in a 
second wave shape opposite to the first wave shape by 
connecting straight portions which being disposed at a 
pitch of the predetermined number of slots and being 
alternately offset from each other by the predetermined 
distance in a direction perpendicular to the direction of 
the disposition thereof with turn portions, the second 
winding sub-portions being disposed at a pitch of one 
slot from each other and being equal in number to the 
predetermined number of slots. With this arrangement, 
. * the turn of the armature winding can be easily increased 
by using a plurality of the winding assemblies overlap- 
ping each other to be inserted in the slots. 
[0104] Since a plurality of the winding assemblies 
overlapping each other are inserted in the plurality of 
slots, insertion processes of the winding assemblies can 
be reduced. 

[0105] The steps of mounting the insulator in each of 
the plurality of slots and inserting the winding assembly 
in the insulators mounted in the plurality of slots are be 
alternately and repeatedly performed. Therefore, the 
strands of wire to be inserted together with the insulators 
can be reduced, thereby facilitating the insertion of the 
winding assemblies and ensuring the insulation be- 
tween the winding assemblies. 
[0106] In the armature for a dynamo-electric machine 
comprising an armature core provided with a plurality of 
slots extending in an axial direction and disposed along- 
side each other in a circumferential direction, an arma- 
ture winding inserted in the slots so as to be mounted 
on the armature core, and an insulator mounted in each 
of the slots for insulating between the armature core and 
the armature winding, the insulator is disposed between 
an inner face of each slot and the armature winding, and 
first creases are formed on side portions of each insu- 
latorso as to extend in a longitudinal direction of the slot 
at a slot-opening side of the side portions, thefirst creas- 
es being formed by first bent parts for bending the slot- 
opening side of the side portions so as to be apart from 
each other. With this arrangement, the insulator enclos- 
es the opening of each slot at the top sides of the insu- 
lator, thereby providing an armature for a dynamo-elec- 



tric machine in which the insulation between the arma- 
ture winding and the armature core is improved. 
[0107] Second creases are formed on the side por- 
tions of each insulator so as to extend in a longitudinal 
s direction of the slot at a slot-opening side of the first 
creases, the second creases being formed by second 
bent parts for bending the slot-opening side of the side 
portions so as to be close to each other. Therefore, the 
insulator encloses the opening of each slot at the top 
10 sides of the insulator, thereby improving the insulation 
between the armature winding and the armature core. 
[01 08] The first crease and the second crease of a first 
side portion of each insulator are formed shifted toward 
the bottom of the slot with respect to the first crease and 
is the second crease, respectively, of a second side por- 
tion of each insulator, whereby the top sides of the first 
and second side portions of each insulator, one overlap- 
ping the other, enclose an opening of each slot in a man- 
ner such that the top side of the second side portion is 
20 positioned over the top side of the first side portion. The 
top sides of the first and second side portions of the in- 
sulator overlapping each other in the slot-depth direction 
enclose the opening of each slot, thereby further improv- 
ing the insulation between the armature winding and the 
25 armature core. 

[0109] The side portions of each insulator expand in 
a circumferential direction at the bottom sides of the side 
portions of the insulator, thereby coming into close con- 
tact with inner faces of the slot toward the bottom there- 
to of. Therefore, the movement of the insulator in the slot 
is . restricted and the insulation between the armature 
winding and the armature core can be ensured for a long 
period. 

[01 1 0] The armature winding is constituted by at least 

35 one winding assembly into which a pair of first and sec- 
ond winding groups is assembled before insertion in the 
slots, the first winding group comprising a number of first 
winding sub-portions each having one turn constructed 
by winding a stand of wire made of a continuous con- 

40 ductor so as to alternately occupy an inner layer and an 
outer layer in a slot depth direction within the slots at 
intervals of a predetermined number of slots, the first 
winding sub-portions being disposed at a pitch of one 
slot from each other and being equal in number of the 

45 predetermined number of slots, and the second winding 
group comprising a number of second winding sub-por- 
tions each having one turn constructed by winding a 
stand of wire made of a continuous conductor so as to 
alternately occupy an inner layer and an outer layer in 

so a slot depth direction within the slots at intervals of the 
predetermined number of slots and so as to be inversely 
wound and offset by an electrical angle of 1 80 degrees 
relative to the first winding sub-portions, the second 
winding sub-portions being disposed at a pitch of one 

55 slot from each other and being equal in number of the 
predetermined number of slots. With this arrangement, 
an armature is provided, of which coil-end groups have 
a reduced irregularity in flatness of inner surfaces there- 
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of in the circumferential direction and a reduced protru- 
sion thereof in the axial direction. 
[01 1 1 ] The armature winding comprises a plurality of 
the winding assemblies, and one insulator is received 
in each slot for insulating the plurality of the winding as- 
semblies from an innerface of each slot, thereby ensur- 
ing the insulation between the armature winding and the 
armature core. 

[01 1 2] The armature winding comprises a plurality of 
the winding assemblies, and a plurality of Insulators are 
received in each slot for individually Insulating the plu- 
rality of the winding assemblies from an inner face of 
each slot, thereby ensuring the insulation between the 
armature winding and the armature core. 
[011 3] The foregoing description of the preferred em- 
bodiments of the invention has been presented for pur- 
poses of illustration and description. It is not intended to 
be exhaustive or to limit the invention to the precise from 
disclosed, and modifications and variations are possible 
in light of the above teachings or may be acquired from 
practice of the invention. The embodiments ware cho- 
sen and described in order to explain the principles of 
the invention and its practical application to enable one 
skilled in the art to utilize the invention in various em- 
bodiments and with various modifications as are suited 
to the particular use contemplated. 



Claims 

1 . A method for manufacturing an armature for dyna- 
mo-electric machine, the armature (1 0,20) compris- 
ing an armature core (2,15) provided with a plurality 
of slots (2a, 15a) extending in an axial direction and 
disposed alongside each other in a circumferential 
direction, an armature winding (3,3A,1 6) inserted in 
the slots so as to be mounted on the armature core, 
and an insulator(11,11A,11B,11C) mounted in each 
of the slots for insulating between the armature core 
and the armature winding, the method comprising 
the steps of: 

forming a substantially U-shaped insulator 
(11 s 11 A,11B a 11C) having side portions con- 
nected with a bottom portion (1 1 b, 1 1 c) , the side 
portions being bent at a first bent part (12) of 
each side portion so as to be apart from each 
other to form outwardly bent portions (11a) on 
the top sides of the side portions; 
forming a winding assembly (7A,7B,7C,8A,8B; 
8C.35A.35B) composed of strands of wire 
(6,30) formed in a predetermined wound state; 
mounting the insulator (11,11A,11B,11C) in 
each of the plurality of slots (2a,1 5a) in a man- 
ner such that the outwardly bent portions (1 1 a) 
of the insulator protrude from an open side of 
the slot; and 

inserting the winding assembly (7A,7B,7C,8A, 
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8B,8C,35A,35B) in the insulator (11 ,11 A.11B, 
11C) from the open side of each slot (2a,15a) 
by being guided by the outwardly bent portions 
(1 1 a) of the insulator, and pushing the winding 
s assembly together with the Insulators into the 

slots. 

2. The method for manufacturing an armature for a dy- 
namo-electric machine, according to Claim 1, 

10 wherein the step of forming the substantially U- 
shaped insulator (11 B) includes the step of bending 
the outwardly bent portions (11a) at a second bent 
part (1 3) so as to be close to each other, whereby 
each of the outwardly bent portions (11a) is formed 

15 in an L-shape. 

3. The method for manufacturing an armature for a dy- 
namo-electric machine, according to Claim 2, 
wherein the first and second bent parts (12,13) of 

20 one of the side portions of the insulator (11B) are 
positioned shifted toward the bottom portion (11b) 
of the insulator with respect to the first and second 
bent parts of the other side portion of the insulator. 

25 4. The method for manufacturing an armature for a dy- 
.• namo-electric machine, according to one of Claims 
1 to 3, wherein at least one part of the bottom portion 
(11c) of the insulator (11 A) is formed in one of con- 
cave and convex shapes. 

30 

5. " The method for manufacturing an armature for a dy- 

namo-electric machine, according to one of Claims 
1 to 4, further comprising the steps of: 

35 preparing a rectangular parallelepiped lamlnat- 

J ed-core (36) provided with the plurality of slots 
(36a); and 

rolling the rectangular parallelepiped laminat- 
ed-core provided (36) with the insulator 

40 (11 t 11A,11B,11C) mounted in each of the plu- 

rality of slots (36a) and the winding assembly 
(35A.35B) inserted in the insulators mounted in 
the plurality of slots and butt-welding the lami- 
nated core at ends thereof so as to form a cyl- 

45 ■ inder. 

6. The method for manufacturing an armature for a dy- 
namo-electric machine, according to one of Claims 
1 to 5, wherein the winding assembly (35A.35B) is 

50 formed so that the strands of wire (30) are disposed 
alongside each other in the slot-depth direction in 
each slot (15a). 

7. . The method for manufacturing an armature for a dy- 
55 namo-electric machine, according to one of Claims 
1 to 6, wherein the winding assembly (35A,35B) 
comprises a pair of first and second winding groups, 
the first winding group comprising a number of first 



14 



27 



EF1 178 587 A2 



28 



winding sub-portions each formed with the strand 
of wire (30) made of a continuous conductor, the 
strand of wire being formed in a first wave shape by 
connecting straight portions (30b) which being dis- 
posed at a pitch of a predetermined number of slots 5 
and being alternately offset from each other by a 
predetermined distance in a direction perpendicular 
to the direction of the disposition thereof with turn 
portions (30a), the first winding sub-portions being 
disposed at a pitch of one slot from each other and w 
being equal in number to the predetermined number 
of slots, and the second winding group comprising 
a number of second winding sub-portions each 
formed with the strand of wire (30) made of a con- 
tinuous conductor, the strand of wire being formed 15 
in a second wave shape opposite to the first wave 
shape by connecting straight portions (30b) which 
being disposed at a pitch of the predetermined 
number of slots and being alternately offset from 
each other by the predetermined distance in a di- 20 
rection perpendicular to the direction of the dispo- 
sition thereof with turn portions (30a), the second 
winding sub-portions being disposed at a pitch of 
one slot from each other and being equal in number 
to the predetermined number of slots. 25 

8. The method for manufacturing an armature tor a dy- 
namo-electric machine, according to Claim 7, 
wherein a plurality of the winding assemblies (35A, 
35B) overlapping each other are inserted in the plu- 30 
rality of slots. 

i 

9. The method for manufacturing an armature for a dy- 
namo-electric machine, according to Claim 7, 
wherein the steps of mounting the insulator (11C) 35 
in each of the plurality of slots and inserting the 
winding assembly (35A.35B) in the insulators 
mounted in the plurality of slots are alternately and 
repeatedly performed. 

40 

10. An armature for a dynamo-electric machine, the ar- 
mature comprising: 

an armature core (2,15) provided with a plural- 
ity of slots (2a,1 5a) extending in an axial direc- *s 
tion and disposed alongside each otherin a cir- 
cumferential direction; 

an armature winding (3.3A.16) inserted in the 
slots so as to be mounted on the armature core; 
and 50 
an insulator (11 ,11 A, 11 B, 11 C) mounted in each 
of the slots for insulating between the armature 
core and the armature winding, 

wherein the insulator(11, 11 A,11B,11C) is dis- ss 
posed between an inner face of each slot (2a,15a) 
and the armature winding (3.3A.16), and first creas- 
es are formed on side portions of each insulator so 



as to extend in a longitudinal direction of the slot at 
a slot-opening side of the side portions, the first 
creases being formed by first bent parts (12) for 
bending the slot-opening side of the side portions 
so as to be apart from each other. 

11. The armature for a dynamo-electric machine ac- 
cording to Claim 10, wherein second creases are 
formed on the side portions of each insulator (1 1 B) 
so as to extend in a longitudinal direction of the slot 
at a slot-opening side of the first creases, the sec- 
ond creases being formed by second bent parts 
(13) for bending the slot-opening side of the side 
portions so as to be close to each other. 

12. The armature for a dynamo- electric machine ac- 
cording to Claim 1 1 , wherein the first crease and the 
second crease of a first side portion of each insula- 
tor (11 B) are formed shifted toward the bottom of 
the slot with respect to the first crease and the sec- 
ond crease, respectively, of a second side portion 
of each insulator, whereby the top sides of the first 
and second side portions of each insulator, one 
overlapping the other, enclose an opening of each 
slot in a manner such that the top side of the second 
side, portion is positioned over the top side .of the 
first side portion. 

13. The armature for a dynamo-electric machine ac- 
cording to one of Claims 1 0 to 1 2, wherein the side 
portions of each insulator (1 1 A) expand in a circum- 
ferential direction at the bottom sides of the side 
portions of the insulator, thereby coming into close 
contact with inner faces of the slot toward the bot- 
tom thereof. 

14. The armature for a dynamo-electric machine ac- 
cording to one of Claims 10 to 13, wherein the ar- 
mature winding (16) is constituted by at least one 
winding assembly (35A.35B) into which a pair of 
first and second winding groups is assembled be- 
fore insertion in the slots, the first winding group 
comprising a number of first winding sub-portions 
each having one turn constructed by winding a 
stand of wire (30) made of a continuous conductor 
so as to alternately occupy an inner layer and an 
outer layer in a slot depth direction within the slots 
at intervals of a predetermined number of slots, the 
first winding sub-portions being disposed at a pitch 
of one slot from each other and being equal in 
number of the predetermined number of slots, and 
the second winding group comprising a number of 
second winding sub-portions each having one turn 
constructed by winding a stand of wire (30) made 
of a continuous conductor so as to alternately oc- 
cupy an inner layer and an outer layer in aslot depth 
direction within the slots at intervals of the prede- 
termined number of slots and so as to be inversely 
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wound and offset by an electrical angle of 180 de- 
grees relative to the first winding sub-portions, the 
second winding sub-portions being disposed at a 
pitch of one slot from each other and being equal in 
number of the predetermined number of slots. 5 

15. The armature for a dynamo-electric machine ac- 
cording to Claim 14, wherein the armature winding 
(1 6) comprises a plurality of the winding assemblies 
(35 A,35B) , and one insulator is received in each slot w 
for insulating the plurality of the winding assemblies 
from an inner face of each slot. 

16. The armature for a dynamo-electric machine ac- 
cording to Claim 1 4, wherein the armature winding is 
(1 6) comprises a plurality of the winding assemblies 
(35 A,35B) , and a plurality of insulators ( 1 1 C) are re- 
ceived in each slotfor individually insulating the plu- 
rality of the winding assemblies from an inner face 

of each slot. 20 
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(54) Armature for dynamo-electric machine and method for manufacturing the same 



(57) A method includes the steps of forming a sub- 
stantially U-shaped insulator having outwardly bent por- 
tions formed by bending the side portions thereof at bent 
parts so as to be apart from each other, forming winding 
assemblies Including strands of wire wound in a prede- 
termined wound state, mounting the Insulator in each 



slot in a manner such that the outwardly bent portions 
of the insulator protrude from an opening of the slot, and 
inserting the winding assemblies in each insulator from 
an open side of the slot by being guided by the outwardly 
bent portions and pushing the winding assemblies to- 
gether with the insulator into each slot. 
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